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MI-Partners has developed a seismic vibrator for
the TU Delft that is based on electromagnetic
actuation, see figure 1.

Figure 1 – Photograph of the surface vibrator.

The Dutch company MI-Partners and the Technical
University of Delft are two partners in the European Consortium NeTTUN. NeTTUN stands for
“New Technologies for Tunnelling and Underground works”. This consortium, led by the French
Tunnel Boring Machine (TBM) builder NFM,
consists of 21 companies and institutes from 9
countries throughout Europe. Its goal is to significantly improve the drilling of tunnels. One of these
improvements is to increase the safety of tunnel
boring. Currently tunnel boring is done almost
blind and hence, obstacles and change of soil
structure can lead to delays, soil collapse and
even accidents. Therefore, MI-Partners and the
TU Delft are developing technology that can
make a map of the soil in front of the boring head.
TU Delft has a lot of experience in seismic imaging
whereas MI-Partners uses its mechatronic knowledge from the high-tech industry for this challenging task.
MI-Partners is a company based in Eindhoven
that is active in mechatronic innovation. Its 30
employees develop innovative concepts for customers active in high-tech areas such as the semiconductor industry, healthcare and for technical

Figure 2 - Surface vibrator
schematically depicted.

research institutes. These concepts usually start
with the derivation of the specifications and end
at a prototype level. Although the application
changes over various projects, they all have in
common that a high accuracy, a high speed or
preferably both are needed. The knowledge
MI-Partners has gained in working for customers
like Philips and ASML can also be used for the
development of this soil imaging device.

Surface vibrator
It is not the first time that TU Delft and MIPartners work together on seismic imaging. This
method is frequently used e.g. in the oil drilling
industry to search for new oil fields. With this
method, the surface of the ground is agitated
and reflections of this agitation from the ground
are measured with an array of sensors (usually
geophones). This agitation can be done with
dynamite, but its drawback is the fact that it
damages the soil structure. Therefore, seismic
vibrators are widely used that agitate the ground
in a controlled, reproducible manner. Hereto,
often hydraulic vibrators are used. However, these
have a drawback that the hydraulics limit the use
at low frequencies. Therefore, in the recent past
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This vibrator can generate a wave force of 6700 N
over a frequency range of 2 to 200 Hz. The principle of electromagnetic actuation is widely used
in e.g. the semiconductor industry but is quite
new in seismology. The benefits of this type of
actuation are the fact that these actuators are very
accurate and on the other hand they can offer a
wide frequency range. A schematic drawing of the
vibrator is shown in figure 2. It consists of a base
plate of 200 kg on which the coils for the actuator
are mounted. The magnets for the actuators are
mounted on a reaction mass that weighs 1000 kg.
Accelerometers measure the acceleration of the
baseplate and the reaction mass. These data are
used to compute the weighted ground force:

The knowledge of this force is needed in combination with the data received from the geophones to
obtain the image map of the soil.

Vibrator on a TBM
For the vibrator of the TBM a dedicated vibrator
will be developed using the knowledge obtained
from the surface vibration mentioned in the
previous section. The main differences with this
TBM vibrator compared to the surface vibrator
of figure 1 are summarized in table 1. This vibrator
will be mounted in the boring head of the TBM.
Furthermore a range of sensors is also mounted on
the boring head to measure the reflections from
the ground (figure 3). During excavation the vibrator and the sensors are retracted inside the boring
head to prevent damage. Every time a new mapping is desired the vibrator and sensors are placed
on the bore front and the measurements are
performed. Each measurement is repeated several
times at several angles of the boring head.
MI-Partners will design and build a TBM vibrator
and the protection and retraction system for both
the sensors and vibrator. TU Delft will develop the
translation of the data that comes from the
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The Dutch company MI-Partners and the Technical University of Delft are two partners
in the European Consortium NeTTUN. This consortium consisting of 21 partners
has the goal to significantly improve tunnel boring. MI-Partners and the TU Delft
will develop a system that generates a map of the soil in front of the boring head.
Using this map the tunnel boring process can be made more robust and safer.

Table 1

Surface vibrator

TBM vibrator

Use
Environment
Dimensions
Positioning

Stand-alone
Atmospheric; open air
‘Unlimited’
Manual

Typical mass

Baseplate: 200 kg
Reaction mass: 1000 kg

In TBM
>> 5 bar; > 50°C; dirt
Limited by TBM dimensions
Automatically; retraction
during excavation
Baseplate: 50 kg
Reaction mass: 80 kg

sensors and vibrator into the image map of the
ground.
The biggest challenge is to combine the precision
equipment and sensitive measurement devices
into the harsh environment of a tunnel boring
machine. The vibrator and the sensors should have
to work accurately under a wide range of environmental properties. The local temperature and
pressure can change over a wide range, and fur-

Figuur 3 - Schematic picture of the vibrator and sensors mounted
on the TBM. The force wave is sent by the vibrator and its reflections are sensed in various ways depending on the soil structure.

thermore all obstacles that are present in the
ground should not damage the vibrator and the
sensors. Hereto, predictive modelling is used,
where the behaviour of the system under these
various circumstances is modelled e.g. in Finite
Element models.
At the end of this year a stand-alone prototype
TBM vibrator will be finished which will be tested
in the field during 2014. At the end of 2016 the

system should be fully integrated onto the TBM
which will lead to a safer way of making tunnels.
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